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(54) Title: METHOD OF MANUFACTURING A SOFT HEARING AID 
(57) Abstract 



A hearing aid instrument (10, 70, 100, 132) of 
the in-the-ear type (and preferably CIC) provides 
a receptacle (18, 76, 112, 112A, 1115, 124) with 
electronic hearing aid components mounted thereto. 
The receptacle has a cavity for holding electronic 
components (e.g. battery, microphone, amplifier). 
A soft polymeric body (50, 94, 108) is preliminarily 
formed by encapsulating a plurality of the electronic 
hearing aid component shaped inserts (19, 35, 105). 
The body is soft and is shaped to conform to the 
ear canal of the user. After forming, the insert is 
removed to provide an insert cavity that can carry 
electronic components. The soft polymeric body 
(50, 94, 108) and encapsulated electronic hearing 
aid components (such as battery 90, battery door 
89, amplifier 91, microphone 92 and locking tabs 
93) define a soft structure compliant to the car 
canal during use and that is substantially solid and 
free of void spaces between at least some of the 
components and the ear canal. This combination of 
soft compliant structure and encapsulated electronic 
hearing aid components addresses problems of 
peripheral leakage, poor fit, pivotal displacement 
that occurs with jaw motion and internal cross talk 
of components housed in prior art hollow type 
hearing aids. 
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STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable 
REFERENCE TO A "MICROFICHE APPENDIX" 

Not applicable ! 

BACKGROUND OF THE INVENTION 

1. Tiild of the Invention 

The present in vention relates to hearing aids and more parti cuiarly to an improved hearing 
aid, its method of manufacture and an improved method of compensating for hearing loss. More 
particularly, the present invention provides an improved method and apparatus for compensating 
for hearing loss that uses a construction combining a mounting receptacle (for example, a 
receptacle or modular face plate or semi-modular face plate) with a soft polyiheric body that is 
joined to the mounting member and which encapsulates some of the electronic" hearing aid 
components of the apparatus, the soft polymeric body being sized and shaped to conform to the 
user's ear canal during use. It may be possible to use a soft polymeric material as the receptacle 
or face plate. 

2. General Background of the Invention 4 * 
c iTieheMhgmdtis^ 

performance products, thb most recent of Which is digitai sigilai processing technology. Hearing 
care professionals expected those advancements to solve the shortcomings of traditional 
amplification, and to push the market forward, Thbse expbctatiohs haVs not been fiiily realized. 
While these developments have solved lhariy of : tkV problems associated with traditional 
electronic design arid steadily gained market shared, they have riot fostered overall market growth. 

^ the issues of early acoustic feedback, less thai! bprimito fidelity and intermbdulatiori of 
the frequency response cannot be coriipietely resbi ved by etecfrbnic manipulation of the signal 

Hy either analog; or digital means. : * ; / . . ^ / / 

Historically, custom-molded ear worn hearing instruments have been limited to an 
'■acrylic pour" process as the means of the construction. With the advent of miniaturization and 

•technological advancement of computer chip pi^gtaminirig, the ear-woni instruments have 
become smaller and are; positioned into' the bony portion of the ear carikl, cbmmonly referred to 
as "deep insertion technology". :;: , - : * \. : 

Developments outside the hearing irtdustiy have culminated iri a new level of micro- 

'miniaturizaiioii of electronic components for industry applications. "Consequently, advanced 
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signal processing can be housed in less space than was required for traditional electro-acoustic 
components. . . „ t 

With the development of programmable hearing aids, using either analog ordigitalsignal 
processing, custom electronic design has shifted from the manufacturing level, to the clinical 
5 level. The clinician can now customize the electro-acoustic response via software. It is no longer 
necessary for the device to be returned to the manufacturer for hardware changes to arrive at the 
desired electxoracoustic.re^ppnse. H.^Qyer,*it is : siill often necessary to return the device for 

shell modifications. 

In direct contrast toplectronic adyapc^s within the industry, little or,po advancement has 
1 0 # been realized ,in custom prosthetic design, . §&[lQe the late 1 960's, when the custom in-the-ear 
hearing aid v$s d?yelQped^^te|ial3.an^Qii^^ption tephnique^giained virtually unchanged 
These materials $nd techniques were,a<Jopted frpiji the. dettfal industry, whereby, the .customized 
housing-commpnly called . a t "shelJT was. constructed using . acrylic, of. 9Q_ point JDj^rometpr 
Hardness Shore D. ^^isponstrupfo proved the stpcture andlhe strength of material 

15 necessary to protect the electronics. ; 

At the time the acrylic shell wa^deyelopec}, hea^g. instruments .^ere worn in the 
relanyply.fo^™^ tppi c^^.^^cro-^ir^timz^^n pf electronic 

components, combined wthirw^ for ^cp^eticdlypc^to^^ 

. has shifted the placement of the hearin&aici ipvwtrd .the bony portipn pf the eat Cftnal. . 

20 . . The .bony portion of the r <#gaj is e^Ujemely ^nsitiy^apd, intolerant acrylic ^shell 
when that sfcell is oyer sized dt^to standard ^yaxi^fcprocedyr]es ) o^ js irx^pntact wilhAe canal 
wall beyond Jhe second anatomical ,bend. Rigid ^ciylic th#, d r pes not .compress must,pivoj : in 
t reaction : to jaw^or head movement,. Aereby^hanjgi^g £&e dirpcti§n f of th? r^c^iyer^yielding a 
distorted acoustic i^esppjise. 1^. additio^^tlje. piypt a/^io^causes, 4isplaceme$t ,o£,the device 
25 resulting in unwanted acoustic feedback. This problem l$cs necessitated^.^unttess j shell 
modifications, it thereb^ compromising toe precision apjyoa^o£tlie original dentel. technology. 
Many such devices, require som^m^fic^on fey the manufacturer. JMost ^anufapture^s.can 
^ex^ect a hig;h percente^e of returns,fpr mpd^j^oj^pr repair, t witiiin the firetyear. Consequently, 
CIC (completely in canal) shell design }m beer^ reduced to mcjrs of. a ^raft.j^tn.^ .science. 
30 Although the recent introduction of the ultra-violet curing process has prQdyced a stronger, 
ti^er ^ell, the overall S^omHardness remg^| l^f^gpd . 0 ^ fir . ^. r n 
^ r ^The current trend for custorri^hearjpg aid plp ; eroenUs to position the instrument toward 

3 
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the bony portion of the ear canal. The ear canal can be: defined as the area extending from the 
concha to the tympanic membrane. It is important to note that the structure of this canal consists 
of elastic cartilage laterally, and porous bone medially. The cartilaginous portion constitutes the 
outer one third of the ear caiiaL The medial two-thirds of the ear canal is osseous or bony. The 
5 skin of the osseous canal, measuring only about 0.2 mrn-ifi thickness, is much thinner than that 
of the cartilaginous canal,' which is 0.5 to 1 mm in thickness. • The difference inthickness directly 
corresponds to th& presence of apocrine (cerumiftous)'arid sebaceous glands found only in the 
fibrocartilaginous areaof the canals Thus, this thin-skinned thinly-lined area of the bony canal 
is extremely sensitive to any hard foreign body* inich a$*an acrylic hearing instrument 

10 Exacerbating the issue of placement of a feard*fbreigtt body into the osseous area of the 

ear canal is the ear canal's dynamic nature. It is geometrically altered by temporomandibular joint 
action and by changes in Head position.* This Causes- ellijitfcal elongation (widening)- of the ear 
canal. These alterations in canal shape vary widely from person to person. Canal motion makes 
if veiy difficult to achieve a comfortable^true acoustic seal xvithhard acrylic material, When the 

15 instrument is displaced byrmandibuter ttiDtion, a^Ieakage or "slit 'leak* creates an open loop 
between the receiver and the microphone and" relates directly to an electro-acoustic distortion 
commonly known as feedback. Peripheral acoustic leakage is a complex resonator made up of 
many transient resonant cavities. These cavities afe transient because they Change with jaw 
motion as a ftiiction o£time; ^suiting' in impedance Ganges in the ear canal. These transients 

20 comproiriise the eleciro-acoiiStic p^fonnance.; • "' : * - ■■. . . : ; 

J < The properties of &ird acrylic have limitations thatreJ?uire modification to tlie 
exterior to Accommodate anatomical variants andlhe ; d3qi^ic^ture of the ear canal. The shell 
must be buffed and polished until coifefort is acceptable. ^The peripheral acoustic leakage caused 
by these mbdificatidhs results ih acoustic feedback before- Sufficient amplification can^be 

25 attained. .» j . c . * .v - 7; : , ^ ; - . -.v/-, 

Hollow shells used in today's hearmg-aid dssigns'crefcte' internal or mechanical feedback 
pathways iiriique to each device." The l-esulting feedback requires electronic modifications XO 
"tweak" the product to a compromised performance of a "pseudo-perfection^ With the industry's 
efforts to" facilitate the fine-tuning of hearing instruments for desired acoustic performance; 
3 0 pf ograOEftniable devices were developed; The intent was to reduce the degree of cdmpromiss, but ; 
by their improved frequency spectrum the incidence of feedback was heightened. As a result, 
fhe'iA1i%£s^iy'*still falls'well sho'rt df an^audiolcgical^opdrauxn. ■ -i" 
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A few. manufacturers have-attempted all-soft, hollow shells as alternatives to acrylic, ; 
hollow shells. Unfortunafcely, soft vinyl . materials shrink, discolor, and harden after a relatively 
short period of wears >Polyurethane has proven to provide a better acoustic seal than polyvinyl 
but has an even shorter wear life«(approximately three, months). Silicones have a lpng. wear life . 
5 but are difficult to bond with plastics, such as acrylic, a necessary process for the coostruction 
of custom hearing instruments. To date, acrylic has. proven to be the; only material with Jong term 
structural, integrity, jThe- fact remains, ;,hp>vever,.. that , the entire ear -is a dynamic acpustic 
environment and is iUrserved by a rigid material such 33 acrylic. Also, the.acrylic hearing.aidsi 
typically need tebe.returned to the manufacturer for major shell modifications. 
10 r The following references ai$ all incorporated herein by reference: r 

rr U.S. Patent Nos.: 4,051,330;/ 4.375,016; „4,607,720; 4,716,98^ 4,811,402; 
4,870*688; 4,880.076-4,917,876;; 5,002 v l£l; J5>Q68,902; 5,185.802; 5,2^1,007;^ 52.59,032;. 
5,530,763; 5,43.0,801; 5,500,902;. and5,659,62U > -r . r.^-o ^ * 

Also. of interest-and incorporated herein by-reference are: published Japanese patent; 
15 application no. JA61?238198y the artiqjesliroro December 1997 Journal of American Academy . 
of Audiology; and Staah, Wayne J. and Baoy;Finlay, "A fitting rationale fpr,dp£P Stting canal/ 
hearing instruments^ rr.i 1 :.•;*? 

BRIEF SUMMARY OF<THE IN\SB^ON - ^/f -r. a -v^v^-v 
>-u : Thepre^ntinyentionprovid^^ 

2 0 instrument that is solid (i.e. eliminates void spacesjb _Th*s itojrt^fent includes a $oJ&bQ^PQrtipn. 

that is truly soft, comprising an^elastpmsfi pfohput 3 to 55J3urOinj^er jShore A and^pr^fetably 1 0- 
35 Durometer:Shp*e A. This product isiu&ique iiUhatitis solid, jsyith;the electronic components 
actually encapsulated^ embedded jyithm^fspft fill materiali.ThefillitiaSeiri^l eaai.be a Dow. 
Consing® MDX^4r4210 silicpnq ora gilicpne. polymer djstributeiby Factor It Inc. ofLekfiside^; 
25 Arizona, designated as product name 588A, 588B, 588V. _ '\u.::: 

The present- invention provides a meth&d tha£ can; replace* traditional .aery Ifc shell 
construction. Unlike the shel] cPnstmctioifrpiTbcess; thenar impression isnot modified, built up, - 
or waaced. With &e elimination of these stepSv^mQ^fmth&l?epro4uetipn of the ear impression : 
is ac&pmplished/ Withftbe present jsy^ntig&l&e.n^tff^ ^bleitp.prpdueeia , 

3 0 hearing aid bpdy whicb.vyill not n$&d to-be returned as frequently for modification a&withjffe^nt- 

ha*d acrylic hearing aid bodies. ■ u:: :..!.*::.: :ui; ,n nv^v*ni' i'^ 

The apparatus of the present invention' is! virtually impejyioiis/to the^iscolQ^tipn; 

5i 
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cracking, and hardening experienced with poly vinyls and poly urethanes. 

The hearing aid of the present invention provides a greater range of gain before feedback 
occurs. -•'■'•<•■>■> ' - < 

-The outer surface of the body of the present invention is preferably non-absorbent and 
5 virtually impervious td cerumen. : - ■: ■ -r 

As used herein, "in-the-ear hearing aids" includes all hearing aids which have all of the 
electronics-positioned in the ear, and thuS includes hearing aid styles Miging'firom full concha 
to CIC (completely in the canal) hearing aid styles. 

The preferred embodiment of the present- invention shown in the drawiiigs is a CIC 
10 hearing aid style. ' : 

BRIEF DESCRIPTION OF THE DRAWINGS ' 

For a further understanding of the nature,, objects, 1 and advantages of the present 
invention, reference should be had to thefollowing^etailed description, read in conjunction with 
the following drawings, wherein like referenc£numerals denote like elements and wherein: 
15 ' 1 Figure 1 is a fragmentary,- perspective vi ew of the prefeired embodiment of the apparatus 
of the present invention showing the mounting memfcer poriion thereof^ v - ' • 

Figure 2 is an elevational view of the insert portion of the preferred embodiment of the 
apparatus of the present inventibn; * ' - " :v 

Figure 3 is an elevational side viewof the insert portion of Figure 2, taken along lines 3-3 
20 of Figure 2; * * . v..-/'. . - ^' . 

'Figure 4 is a fragmentary, perspective view of a portion of the insert in Figures 2 "and 3; 
Figure 5 is a fragmentary, perspective view IliustraShg a portion of the' insert of Figures 

2 and 3'; - ■ ■' < ■ ,"• - " - ' ' r 

Figure 6 is a fragmentary, elevational view of the preferred embodiment of the apparatus 
25 of the present invention illustiating'the T mouhting member and insert portions thereof; 
^ Figures 7 and 8 are schematic views iliustiating the method of the 

Figures 9 and 10 are additional schematic, perspective views illustrating the'-methb&bf 
the present invention; ■ " 

:i ;: Figures 11 and 12 are perspective views illustrating the filial method steps of the method 
30 of the present invention including the assembly of electronic components to the soft elastomer 
bodyp r: r : • V ) * : i : . « .■■*.-••, : 
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Figure 1 3 is a perspective, exploded view of a second embodiment of the apparatus pf the 
present invention; - . . - . r . 

Figure 1 4 is a perspective view of the second embodiment of the apparatus of the present 
invention shown priqrtp the addition of liquid polymeric or.elastomeric material to the cavity; 
5 Figures 15-17 are perspective, schematic views illustrating the method- of the present 

invention;, j s .j^ <; j- - 

Figure 17 is a perspective view. of, the preferred embodiment of the apparatus pf the 
present invention; ^ # ilL 

Figure 1 8 is a fragmentary perspective viewof a third embodiment of the apparatus of the 
. 10 present invention showing the mounting plate portion of the mounting member^ , , )t 
Figure 1 9 is a perspective, fragmentary view of the third embodiment of the apparatus of 
the present invention illustrating one of the insert portion thereof;* ; , v . . ; 

Figure 20-20A are fragmentary perspective views -of ,the third embodiment of the 
apparatus of the present invention. Rowing the-receptacleportion of the mounting member* 
15 .. Figure 21-21A are partial, r ^tioi^ 5r fegTmentary views of the receptacle of Figure 20; 

r Figure 22 is a fragmentary, perspective-view of the third embodimentof the apparatus of 
the present invention ilhistrauyejthfrmountmg m including mounting plate and, receptacle 
portions thereof and the insert portion thereof; .,-} : . v . v . .^rv: 

Figure 23 is a fragmentary, perspective view of the third embodiment of the apparatus of 
20 the present invention Hlustrating the mounting .member and insert portions 7 thereof; : ; 

Figure 24 is a fragmentary, perspective, exploded view of the third embodiment of the 
apparatus of the present invention Ulustratipg thp mounting member and insert pprtions thereof; 
, tVJ iFigure 25 is a side elevatic^-yiew^pf the third embodment.of the apparatus of the 
present invention illustrating the method step of attaching the shell having a mold cavity to the 
25 mounting membe^ajad insert portions; /v - , rr : v .-.^ t . . : j . . 

Figures 26 and 27 are perspective views illustrating method steps of the present invention 
including the filling of the moldcavjtj" wth ela^meiric material-to encapsulate jthe inserts and 
support the mounting members; . , : .-.r.* i/ : « . i i., - 

Figure 28 is a perspective view of the third embodiment of the apparatus of the. present 
30 inyeqtion illustrating the step of removing .the .shell, frpm ^ and the 

retnoyal of the insert portions; . } 5 . . . v; -« ;jr- ( ".^^ , ^r';" 

Figure 29 is a perspective view of the method of constructing the third embodiment pf 
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the apparatus of the present invention showing the step of inserting the electronic hearing aid 
components into the soft polymeric body and mounting memters; * - 

Figure 30 is a perspective view of t&- third Embodiment of the apparatus of the present 
invention; ' • 

Figure 31 is a partial perspective view* of the' method of constructing the fourth 
embodiment of the apparatus of the present invention showing die 'step of coating the vent tube 
\Vith a bonding enhancer; - f - ' 1 !: - - • " 

■* Figure 32 is a perspective view of the method of constructing the fourth embodiment of 
the apparatus of the present invention showing tfie step of removing the mold J ca\dty from the 
mounting member and cured plastic polymeric body and removal of the hearing aid comjionent 
assembly insert; < * ' - • - ; 

Figures 33-35 are perspective views of the method of constmctmgthefoilrthembodimeht 
of the apparatus of the present invention showing the step of inserting the hearing aid component 
assembly into the soft polymeric body; and ;: l " 

Figure 36 is a partial perspective view of tiie ; method of Construfcfing the fourth 
embodiment of the apparatus of the present indention sliowing the step of applying adhtesive J to 
the interface of the vent tube ancl mounting member. 0 r ' " : , ,: - ; 
DETAILED DESCRIPTION OF TIffi INVENTION ; " ;;: - 

v c In Figures 1-12, there caii be seen a method tbr"constructitig a hearing aid apparatus that 
is 1 culminated in tTie addition of electronic components to the hearing aid apparatus as sbown m 
Figures 1 1 and 12. Figure 12 shows the completed'hearing aid apparatus designated generally 
by the numeral 10. ; \\ - *: 

Hearing aid apparatus 1 0 is constructed witfrk bfegmhihg modular face pfat6 1 1 having 
^surface 12 and an opposing surface' 13. A plurality of sfaddng pins 14 cii be provided at the 
periphery 16 of modular face plate 1 1; Pins ; i4ehabiesffipmferits of several silked bbdulatface 
plates 1 1 With electronic components being placed there between. ' * ; " : * 

A central opening 15 receives insert 19 during construction using the^ method df the 
present invention. The modular face plate 1 1 also becomes a part of the apparatus 10 of the 
present invention after construction is completed wherein the Central opening 15 receives an 
electronic '-component carrying receptacle 1*8. Modular face-plate 11 h^ an opening 17 thdi 
receiveS :: an end portion : of a vent tufe as wiitt>eliesbribed mofe folly 'fafereiAafte. 
: — llie combination of modular-face plate II and insert 19 are used to form 'a so'fif 
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elastomeric or polymeric (e.g. silicone) body 50 that will carry electronic hearing aid components 
to define a hearing aid electronics package during use. The insert 19 is best seen in Figures 2-5. 
The insert 19 and face, plate -1 1 are used to construct soft elastomeric or polymeric body 50 as 
shown in Figures 6-10. 

5 In Figures 2-5, insert 1 9 includes an insert body 20 haying a curved surface 2 1 , a pair of 

opposed semi-circular r flat syrfacss 22, 23,. and .flat surface 24. Insert body 2,0 includes a 
cylindrical bore 25 that enables insert body 20 to be mounted on elongated, coated (with e ; g. 
Teflon® brand PTFE) wire 2,7. Insert body 20 also provides an extraction handle 26 that aids in 
its removal from soft polymeric body 50 after molding is complete and the softelastomeric body ; 

10 haslet.. . , * : : i: ; .'*: * - c.'"Z':*. 

In Figures 2-4, insert 19 also includes a receiver replica insert portion 28 having : opep 
end§d bore 29^ The .open,ended bore 29 enables the receiver replica insert 28 to be mojunted on 
coated wire 27, assho>vninFigurQs2 and3 ? , .: v . 1( /r; : ?iYc XiZ r 

Each of the insert portions 20 and 28 can be, adjustatjly, slidably mounted^uponr coated 

15 (e.g. Teflon®) wire 27, as indicated schematically by.the^rrpws 3p, 3,1 ,inFigure2 :! This feature 
enables a desired spacing between insert 20 and. insert 28 t9.be achievedpriorto construction of 
the soft polymeric body 50. It should be understood that, the insert members 20,*28 can be of 
different size and configuration. The insert £8 is- typically a receiyer replica insertjlhat can- be; 
configured to duplicate .t}}e size and shape any=number of cqnm^i^ly^vaikble reqejvers or 

2 0 custom receivers. Similarly, the insert 20. 1^?$ insert thatis of thq size and-shaj^ofc a 1 receptacle 

1 £ ; ttat will carry a numb,ej; of elec^Q^c^eariflg aid component-such as, for example, a battery, .1 
microphone, amplifier, etc. <ji • v 

Insert body 20 can bp provided,. with:.a plurality pf tabs 32. that fit sockets 33; next to 
central opening 1 5 a$.shown jn Figiffes V and.5^Tabs 32 enable the insert body 20 to forma^nap^ 
25 fit with modular .fece plgfe H,at,sopkQta3S,pripr to the formation^f soft polymeric body:5p 
using injected liquid elastomer (e.g ; silicone). Figures,4 and 6 illustrate the attachment of insert 

19 to modular face plate 1 L ~ r , rz .,-r v ; ,o- 1- ar. 

In Figyr^ 7, mjrfjd 36 is£hombe,ipg.attachec^^ plate 1 1 ^,jqdfca£ed by^ 

anpws 40. Infigure. 7, vent tube replipapserljJS has been addedto face plate ljl,at£peni£g j 7. ? 

3 0 ^figure 8, mold 3$ has been attached to modular iace plate 1 1 using abopding material, : The . 

construction of mold 36 and its aQachmen^to a mounting.n^mber.siichas modular,f§ce : pl§te 1 L - 
is,shovra f and described in more^ detail, in prior co-pepding, patent application^rial; number 
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09/1 8-1, 540,-filed October 28, 1998, which is hereby incorporated herein by reference. 

In Figures 7 and 8, mold 36 has an outer surface 37, a wall 38, and a cavity 39. Mold 36 
can be vacuum formed" using a male mold and vacuum forming a "sheet of heated film that 
conforms tothe wall mold. Such a method of forming female mold 36<an be seen in our co- 
pending US Provisional Patent Application Serial No. 6G/_ ■, filed 12 May 2000, Attorney 

Docket No. VP99128US (-98029.4P9), entitled "METHOD OF MANUFACTURING A SOFT 
HEARING AID", and incorporated herein by referenced A plurality of poits-41-45 are-provided 
through the wall 38 as shown in Figures 7 and 8. InFigures9and 30, syringe 46 is shown adding 
elastomeric liquid material 47 through needle 48 into cavity 39, as indicated -by arrow 49 in 
Figured The addition of elastomer 47 to cavity39 encapsulates insert 19 and vent tube replica 
insert 35'. . . i; 

me elastomer 47 is allowed to set, tne= insert 19 and vent tuberepiiea insert 35 can 
be removedas indicated in Figure 10. The insert 19 and vent tube replica- insert 35 are shown 
gripped by a technician's finger 55 and tmimb 56 and removed as indicated by arrow 54 from soft 
15 polymeric body 50 and mold 36. By removing the inserts 19, 35, a vent tube cavity 52 and an 
electronics-cavity 53 are provided ji soft polymeric body 50. An electronics package of a number 
of electronic components cari : then be added to cavities- 52; 5S. • - • . 

•'"• In F ^ ures 1 1 12 » additional method stepsof the present mventioh are shown, la 
Figure 1 1 , the soft polymeric body 50 is shown havihg^an outer surface 5 1 after removal of mold 
2 0 36*£d after a mminirig of modular face plate 1 1:-The modular face-plate 11 is trimmed so that 
it exactly fits the outside contour- o£ outer surface 54- of soft polymeric body 50 as shown- in 
Figuresll and 12. •.•:*.: . i>. . -..-'..a.-, uv: 'i.:?> . ' 

" ' " ^ Figure 11, the savities 52, 53 mat remain after removal of the inserts 19, 35 are 
replaced with electronic hearing aid components- that enable the hearing aid 10 to function, 
25 including the components tha: are added into the' cavities 52, 53 as indicated by arrows 57 in 
Figure 1 1 . The electronic components that occupy cavities 52; 53 include e.g. battery 59, battery 
door 58,'amplifier 60, microphone 61, wire Harness 63, receiver 64, receiver sound tube 65; and 
locking iabs-62 that interlock with sockets 33\>f modular faceplate 11.- 

The completed hearing aid apparatus 10 as shown in Figure 1 2 with all of the electajnid 
components in position, occupying the two cavities 52, 53. : A vent tube 66 is a tube that extends 
Lhe fuil lehglh of soft polymeric body 50, forming a connection with opening 17 in modular face 
ptete 11. •..:..> .:-,-.■ .. . 
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In Figures 13-17, a second embodiment of the apparatus of the present , invention is 
shown, designated generally by the numeral 70.;. Hearing aid apparatus 7.0 is constructed using 
an alternate method.-. In Figures 13 and 14, the hearing aid apparatus. 70. begins with,mold 71 
having an outer surface 72, .a^yall 73 and a cavity 74. A number pf ports 75 are formed through 
5 wall 73 . A receptacle 76 that will carry electronic hearing aid components is attached to themold 
wall 73 using a plurality of radially extending struts 80 as shown in Figures ,13 and 14^ 

. The., receptacle ?6 includes a : pair of; flat walls 78^79 and. a curved wall- 77. This, 
construction provides a- cavity 81 for holding a number ofielectronic hearing aid components. 
Opening 95, in receptacle 76 enable? a,wiring harness 84 to pass through cavity 81 ahd into mold 

10 cavity 74 as shown ip Figures 13 and 14? ; The components that extend through opening : 95 and 
are external to cavity 8 1 of receptacle 76 include a portion of wiring harness 84, receiver 82, and 
receiver soun<i;ti;bei83. Opening. 96 irtcuFved wall 77 of receptacle 76 enables vent tube 86 to 
pass through receptacle 76 oaryed wall 77 so that it pan communicate ^ith^yity 8L , : ■ - ^ 
; The cpmppnents tlmt ^e^pnt^ined wi$h cavity -81 of receptacle 7.6 inelvKie.battery 90, 

1 5 battery door &9 a ^mplifier/9 1 , rnicrophppe 92, and locking tabs ; 93 that form a connection with 
sockets 97 tha^ are, on. tte-flat-periphe|al;^Tface 98 of receptacle 74 In 'Figure 13, thfe 
combination of the electronic components 82 r S3v 84*86, 89, k 90, i 9l,92 are attached tp.molcjL7b 
in a ^ipporay fashion W?ing the-radially extending struts . as rshoym iniFigures^l3„and 1.4 and as 
indicatgd scheniatijcally-by^ 13.,,; > ,~ - - f ; • r J : . r . tr\ : :'i 

20 , . , In Figure 1 5,rsyringe : 4 t 7 <^n : beHus£itp inject liquid ppl#m/eric or, elastpmpric materiali 
such a§ : silicone, Jhrough peedlie 48juito.<ayity.74 ; of: mpld;71;<rln ( this 74. is 

filled with soft polymeric or elastomeric material and encapsulates the electronic cpjnponenis that 
ar^ below openings : 95, 96. A4ditipnally,,Ae material injecteci-thrpugh needle 48 surrounds 
receptacle 76, closely conforming ^o its curyed >yall 77 ancj ; flaj waJJs 78^79:. - 

25 u - The interior ca>fity 81 of receptacle-76 is not filled with polymeric material so that the : 
cavity jSl.can h§ .oc<^ied;b>^soine_qf the electronic hearing stfd components. This construction 
enables replacqgient of the eleclromc hearmg aid components that are contained wthinthe<?ayjty; 
81 of receptacle 76 without intrusion into th&sqft polymeric body 94 that is formed when the 
elastomeric or polymeric n^aterial in 47 injected with syringe .46 is allowed- to set. - : f ; 

3 0 - . t y ...j In Figure 1 6, the radially extending struts ,80, have,been removed as indicatedjby arrows 
87<- Arrow 88 indicates the addition of electronic hearing aid components, to th^. cavity " : 8.1, 
namely battery 90, battery door 89, amplifier 91, microphone 92 and locking tabs 93 .r Thje 
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completed hearing aid apparatus 70 is shown in Figure 17.' ' . • - ' 

Figures 18-30' show a third embodiment of the apparatus of the present invention, 
designated generally by the numerallOO in Figure 30. ' In figures 18-27; there can be seen a 
mounting assembiy-that includes a mounting plate 99 and receptacle 1 12 (See Figures 20-21). 
5 An alternate receptacle 1 12A is shown in Figures 20A and 21A. The mounting plate 99 and 
receptacle 1 12 are positioned close to each other as shown in Figures 24-30 upon assembly. 
Mounting plate 99 has a central opening 101'and d periphery 102. The ; rnountulg plate 99 can 
be generally flat, providing opposed flat surfaces 103, 1 04. Receptacle 1 12 defines a mounting 
assembly with mounting plate 99 that can receive an Insert such as members 27 and 28 that were 
10 described above with respect to the embodiment' o'fFigures 1-12. - " ■' l 

- Insert 1 1 05 is similar to the insert of the embodiment of Figures 1*12, the difference being 
removal of tabs 32 (see Figure 5): The embodiment of Figures 1 8-30 uses a receptacle 1 1 5 that 
is'closely positioned to the plate 99 as shown in Figures 24-30. Insert 1 05 thus provides surfaces 
21, 2i2; -23 as me insert shown in Figure 5. The tabs 32-aave been removed. The insert 105 has 
15 a smoouvflat unfesuiface 106. Curved surface 21 fits a cavity 1 19 of receptacle 1 15 during 
construction using the method of the present invention. 

In Figures 19-21, receptacle 1 12 is comprised of a pair of flanges 1 13, 1 14 and an 
Eternal curbed wall 115^ Ah opening 11 6'is"pr6vided : in curved wall 115. The flaflges 13, 14 
provide arc shaped edges -11 7 and straight 'eaVpoitioiis 11 8, 119. Arrowsl20 in Figure 22 
20 ilhBn^^'assembly-of&seit 105* mouritir^ ptae 99,'aod receptacle -1 12.' ' ' • 

- In Figures 20A'and 21 A,- an alternate j construction- for the receptacle is 'snbwn as 
receptacle 124'.' ' Receptacle walls 125; 126 that can be 
generally parallel to each other. External curved wall 127 spans between walls 125, 126. 
Opening 129 in receptacle ta^'allows-a wiring hafnessto pass merrthrbugh.' A cavity 128 is 
25 formed by walls i25< 126, 127: : EacH waH 125, 126 has astraTght edge portion indicated as 130, 
I31°respectively in Figures '20A, 20B. Cavity 128 receives' some electronic hearing aid 
components, similar to thecavity 122' of receptacle 112 (see' Figures ^-JO). ' ; -'■ - 

' In' Figure 23, the insert" 105, mounting plate' 99, and receptacle plate 112 have been 
assembled in operating position before molding using shell -36. Figures 24^27 illustrate the 
3 0 molding'steps of forming a soft polymeric body 1 08 about inserts 1 05, : 35. Mounting plate 99 
has ati opening \ 21 thatxeceives vehftube insert 35. Insert 1 05 has a cylindiically shaped open 
ended channel 25 2 that receives coated wire 27. Arrow 123 in Figure 24 illustrates the assembly 
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of coated wire insert 27 to cylindrically shaped opening 25 of insert 105. Figure 25 shows the 
completed assembly, of mounting plate .99, receptacle. 1 12, insert 105, and insert 35. In Figure 
25, shell 35 is^hown being lowered in the direction of arrows. 107 until it fits oyer the inserts 
105, 35, and registers against the flatsurface 103 of mounting plate 99 asshpwn . jjo .Figures 26 
5 and 27. As with.the embodimentof Figures 1-12, the inserts 105, 35 extend through openings 
in the shelL 36 so that when the inserts-35, 1 05 are removed after the,spft polymeric body, 1 08 is 
formed, they will leaye behind recesses to be occupied.by electronic hearing aid components. < 
In Figure 27, needle 48 is shown injecting elastomeric material (e.g. silicone) as indicated 
by the anpws 49*o the, mold cavity fornjed inside of shell 36. After the elastomeric material 47 
.10 in Figure 27 is allowed to set, shell 36 is-rempyed-as shown by arrows 124 m Figure.28. A.user 
.then removes the inserts 35, 105 using thumb and forefing§r,55, 56 as^hown in Figure 28. The 
arrow 54 in.Figure 28 indicates sctematically the removal of the inserts to leave behind .cavities 
J09j.H0. InPigure 29, a user or technician uses his or her thumb and ; finger-55, 56 to pull an 
electronic hiring aid : package : into the .-cavities 109, 110 in softbodj* 108. As with the 
15 embodiment of Figures 1-12, these componente-can^include, for example battery door 58- battery 
59, amplifier 60, microphone 61 , wire harness 63, receiver 64; ( receiver sound tube 65;,and venj 

tube66. ; : i -vc.^' £ \. i- (: hrr*c • " r tr ■'j-;; , 7 

. in the embodiment of Figures, 13r3p, a technician can sever the vfipng harness 8# .after 
fee electronic components that aj^jcoi^a^pd.withinjcavity 81 have [been lifted upwroUy?to t the 

2 0 position of Figure 1 6, enabling those c^mpqnems tote serviced, replaced, etc. If thexomponents 

below.openings 95, 96 need to be sepriced^ those can be removed^ either cutting the soft 
polymeric body 94--or by carefully rar^yijig .^m^pugh expansion of the cavity i?i which they 

arc contained. * . . - , • ,}., . * . 

. - .In Figures 3 l r 36, : ^ 
25 de;signated,generally by the n^er^l^2 j^gures 33,34and 35. Hearing aid 132 is constructed 
using the method shown„ ; i n Figures .3 1-^6., In Figure 3.1, y<ent v tube 133 is shown prior to 
attachment to mounting member :(e;.g. acrylic)434 r .The mounting member 134 has^an^opening 
135. It should be understppd that the mounting xnember 134 can receive any of the .pplds 36, 71 
5ho^in theemlMdiments:ofFig^re^^30 r - r + . . . ; 7 ^ ^ -v.i*r rr: h./ri.r;. > 

3 0 >^ r ^An insert 136 includes several sections designed to simulate portions pf a hearing aid 

component assembly 152. For example, the insert ; 13^caa.include a.secticn 137;de^^$4to 
simulate, an electronic hearing aid comppnenj, namely a .receiver. The insert- section 138 is 

13 
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designed to simulate a wiring harness. The insert section 139 is designed to simulate a battery 
compartment or battery receptacle; 1 *- ! :: ' 

- Once the selected mold such as 36 is attached to mounting' member 134, it can be filled 
with a polymeric material (preferably silicone), such as is shoyra in Figure 9. However, in the 
embodiment of Figures 31-36, vent tube 133 is first coated with a bdnding agent 149 such as 
A330 available from Factor II of Lakeside, Arizona. The vent tube 133 is then placed inside the 
mold cavity 39. The moid 36 is then attached (bonded) to mounting member 134 as shown and 
described with respect to the embodiments of Figures 1-30 (see Figure 7). Once the polymeric 
material has cured inside mold cavity 39, the mold r 36*can be removed as indicated schematically 
by arrow 1 5 1 . A techniciian then removes insert If 6 as indicated schematically by the arrow 140 
in Figure 32. The insert 136 includes an insert section 137 that simulates a receiver, aii insert 
section 138 that simulates a wiring harness : and an r insert section 139 that simulates a battery 
compartment or battery receptacle. However, other shapes can be used for insert 136*sb that a 
cavity 141 of desired shape is achieved. Upon removal of the insert 136, a cavity 141 is left 
behind, the cavity being positioned next to vent tube £ 133 as shown in Figure 32. 

The cavity 141 simulates the sections o£the provided insert 136, including a cavity 
section 142 that simulates a receiver, a cavity section 1>3 that simulates a wiring harness and a 
cavity section 1 44 that simulates a battery case cfr rereptecle. 

The bonding enhancer 149 can be applied ; ttr veiit tube 133 using a spray or brush 145 as 
shown in Figure 31 as indicated schematically by Harrow 146. Vent tube 133 thus has an outer 
surface 1 47 that becomes coated with the bonding enlSifcer or bonding agent 1 48. Vent tube 133 
provides a bore 148 which is not coated with the bonding enhancer, as it remains open : to vent 
air flow in between the patient's ear canal and the exfenor of the ear canal and hearing aid 132. 

The polymeric filler material 150 that is added to mold 36 cavity 39 forms a soft and solid 
body having the provided cavity 141 into which ! hearing aid component assembly 152 can be 
inserted, as indicated schematically by arrows 157 in Figure 33. This hearing aid component 
assembly can include both electronic hearing aid~components and other components. As an 
example, in Figure 33, the hearing aid compoheriiassembiy 152 includes a receiver 153, wiring 
harness 155, and battery compartment H56 that includes other hearing aid components such as 
battery 159, a microphone, an amplifier, of other hearing aid components. : - 

Figure 34 illustrates the completion bf and insertion of hearing aid component assembly 
1 52 into the cavity 141 that was formed after the polymeric material 1 50 had cured and set, and 

iV 
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after which the, shaped,insert J36 had been removed. In Figure 35, arrows 158 schematically 
indicate a severing of excess vent tube 133 material and the severance of excess material from 
receiver tube 1 63.. Thcreceiver tube 1 63 and vent tube 1 33. thus communicate with the.patienfs 
inner ear generally opposite mounting member 1 34 as shown in Figures 33-35. The vent tube 1 33 , 
5 also communicates with the exterior of the patient's ear via an opening 1 62 in mounting member 
134 (see Figure 36). , A connection 16L can be formed between vent tube 133 and. mounting 
member 134 using a needle 160, to apply an adhesive (such as a glue commercially available 
under the trademark §UPERGLUE) ,or other connection material or structure, for example. , ■ . 
/ :r-^\:^,-u , ,4 .PARTS LIST : 

10 { i -, ■ Xh e /°H ow ingr is a list of suitable pajts and .materials for the various elements pf the , 
preferred embodiment of the present invention., * - . : a > r r ^ - A 

i*! 10 , •-..-»■ ..nr hearing a^d apparatus ■ • " 

11 * _ ; { . modular face plate ; .v /rr . v 

v 12 j - * :V '■ surface : , : \ 
15 13 ^ t ;; ; j { s^, h ,.,, ;!i ;i! 

14 . <~ r , * ~ stacking pin..-,; . ^ . - 

16 e [ periphery. . : 

20 : . .18 ■ r i y _ . ^ *■ , receptacle,- . r/ ; 

21^ T .. £i - ..„., ..^ r ;n: -v ciin^dsyrface >c/: - : . vv n ~~r *r v ,ft ■ 

22 ,r -flat Surface «... T . .:^. ri/ - 

25 > tt . 23 , . . flatsnrface , ; f . 



,':tr,v . v.. J; : l'T-Tj-.; f-u;^^ 



- ?r 24 ^ , r . . - - . J;V flat surface. !Jt ... - ^ 

.. r ; . 25 , r . : . e . . ff cylindr^al bore r : ^ f . i: -, r 

wx ,26- . . ; .,. extraction handle,, ■ *. T: 

r , . ^ 27 ; ... - elongated coat©dr.wire Jf 

30 28 . receiyer replica insert . 

v/ ; c , 29 ...... opeg.ended bqre^, t; . r . 

:.. f .. : 30. , u - arrow,. ,.„^t . , rr : 
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31 arrow * • 

32 tab 

33 socket 

34 arrow 

35 vent tube replica insert 

36 mold 

37 outer surface 

38 wall 

39 cavity 

40 arrow : 

41 port * 

42 port 

43 port 

44 port 

45 ^ port < : <:; C ..- 

46 syringe r - 

47 elastomer 

48 neecBe^ 

49 arrow :, i " w ' 

50 soft elastomene body 

51 outer surface r/ 

52 vent tube cavity 

53 electronics cavity 

54 arrow 

55 technicians finger 

56 technician's thumb 

57 arrow* ; T - 

58 door *- 

59 -battery" f 

60 amplifier ii: 

61 microphone f 

62 locking tabs 
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98 flat peripheral surface 

99 mounting plate 

1 00 hearing aid apparatus 
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131 .straightedge . ... 

132 hearing aid .- : 

133. :yent tube (e.g., polycarbonate plastic or resin, preferably 

vent tube material from Oticon in Denmark, with 
5 characteristics of about 1 mm-2mm internal diameter and 

wall thickness of about 2mm and a rigidity which will 
reduce torsional load on hearing aid 132) 
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The foregoing embodiments -are presented by way of exampte only; the scope of the 
present invention is to be limited only by the following daims. r . ■ 
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CLAIMS 



a) 

ear canal; 



1. 



A method of manufacturing a hearing aid comprising the steps of: ; ? 
forming a hollow shell with a surface that approximates the shape of a- patient's 



5 



b) 

c).- 



providing a mounting member; - f * f 

mounting an eleAtroniQ^hearing-aid-Component insert to the mounting member that 



simulates the shape of one or more electronic bearing aid components; . ■ * - . ,■ k : , 

d) placing the mounting member and insert in the hollow shell; 

e) filling the shell with a soft polymeric material that substantially encapsulates the 



f) replacing the insert with one or more electronic hearing aid components; and 

g) wherein in step "e" the combination of insert and fill material define a soft 
structure that is compliant to ear canal movement during use. 

2. The method of claim 1 further comprising the step of eliminating substantially all 
15 void space between the shell and the insert with the filling in step "f. 

3. The method of claim 1 wherein step "c" comprises providing a mounting member 
includes a receptacle for holding an electronic hearing aid component. 

4. The method of claim 1 wherein step "c" comprises providing a mounting member 
that is an acrylic member. 

2 0 j 5. The method of claim 1 wherein in step "c" the mounting member has medial and 
lateral side portions. 

6. The method of claim 5 wherein in step H d" some electronic hearing aid 
components are attached to the medial side portion of the mounting member. 



10 insert; 



7. The method of claim 1 wherein in steps V, "f and "g", filling includes 
25 encapsulating at least a receiver shaped electronic hearing aid component insert 
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8. The method of claim 1 wherein steps V, "f ' and "g" comprise filling the shell 
with a soft silicone material that substantially encapsulates at least one of the electronic 
Component inserts, . . 

9. The method of claim 1 wherein the mounting member is a receptacle with a cavity 
5 and farther comprising the step of placing a battery in the cavity. 

10. The method of claim 9 wherein the mounting member includes a plate member 
and- a separate receptacle member and further comprising the step of positioning the plate 
member and receptacle member next to each other/ : * ! 



11. The method of claim I further comprising the step of removing the Insert and 
10 replacing the insert with a plurality of electronic hearing aid components. 



J * 12. ' A'method of manufacturing a^eanhg' aid comprising the stepist)f: 

a) forming a hollow shell with an inside surface that defines^ mold cavity 'that 
approximates the shape of the human ear canal; 
: >Z •* b) ~ * providing an electronic hearing aid component insert; * 
15 c) placing the insert within the mold cavity; ' : - :: " : 

d) filling the mold cavity with a soft polymeric material that substantially 
encapsulates the electronic component insert; : : : ! * ; ■ 

e) allowing the soft polymeric fill material to cure; " 

f) removing the insert to define a void space; 

20 g) placing one or more electronic hearing aid components in the void space, wherein 

in steps "e" md n F ' the combination of the electronic components and fill material define a soft 
structure that is compliant to ear canal movement during use." ~ ;,L:f; 

13. The method of claim 12 further comprising the steps of making an impression of 
the user's ear canal to construct a form and using the form in step "a" to shape the inside surface 

25 df the fellow shell 1 1 ' ' ■ %; - * : ' a " 

14. The method of claim 12 further comprising the step of using a form to shape the 

$2 
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mold cavity. 



1 5. The method of claim 1 2 wherein the shell and mounting members are temporarily 
joined prior to step "d". 

16. The method of claim 12 wherein in step "d" at least a receive^ shaped insert is 
5 encapsulated. 

17. The method of claun r 12 : wherein in step M d" atleast a batteiy co^artment insert 
and a receiver shaped insert are encapsulated.. ;c ... . v: , ... - 

J-8. x . The method of claim 1 2, wherein the mounting member is a battery compartment 
shaped insert. , :r • : . * >; <. r r. : . * ; - - r .i; „::.v.-v- /• 

10 19. Jhe method.of claim^l 2, wl^in in step "b" the mounting member is : ©f a hard 

plastic construction. .-.,*■ - t ^srr'j' 1 sfci-rr * ,f ' iz ' t i^i:::io: 1 

20. The method: jpf claim 4^ r ^hereia Xhe..t|onding layer includes multiple coatings 
applied to the mounting member. -vjivs*/ c-' r; .* * : , 

21 . The method of claim 1 2 wherein in §teg "b" the m^ptfing mem^er,is ahar^i plastic 
15 and in step V the soft polymeric^njatefjal includes sili9one. c r 0 ^ :V n . ; .. ^ 

22. v , Amejfoodqfm^ , :i 

a) . st . making a mold r >vith^mold.^avity that includes ( ;an inside surface that closely 
approximates the shape of a patient's Garcapal; nrj . f i^-!-; r jz / .nj;:>j^ 

b) providing an insert that includes members having the size and shape of a number 
20 of selected electrom^hearing.ai^ tJ -;i C(V r rf 

, , r f c) placing the insert in.the moLdtcayity; ^ r , }ir: . o; . ,. jT; 5£t . ; ^ 

d) filling the mold cavity with a liquid polymeric materia^ ^at v subs^tial^y 
encapsulates at a portion of the insert; 

t ._ e) , . allowing the poly meric. material tp. set;*, : 0 . , tiA . - 
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f) * • removing the insert to provide an insert cavity; - 

g) replacing the insert with a hearing aid electronics package that fits the insert 

cavity; 

h) wherein the combination of polymeric material and electronics package define a 
5 soft hearing aid structure that is compliant to ear canal movement during use, 

23. The method of claim 1 , wherein the hearing aid is sized to fit completely in the 
ear canal of a user : > T ■ 

24. The method of claim 1 2, wherein the hearing aid is sized to fit completely in the 
ear canal of a user. ' ' - 

10 f 25. ■ The" method of claim 22, wherein the hearing aid is sized to fit completely in the 
ear canal of a user. 

-■ ; 26. A heaiing aid comprising: -~ ■ ■ i. r . .'■ [ 

a) a soft body having an outer surface that approximates the shape of a patient's ear 

canal; 

15 ' ~ —W : a socket in the soft body thaFts sized and sliapeaiodbselycbhform to a hearing 
aid electronics package ofa number of electroruccomponents; and - - ■■•-»• 

c) an electronics package that fits the socket, the electronics package including a 
Receptacle thai has an interior cavity, af leasf some of tfic olectronicieomponents occupying the 
cavity. 

20 - 27. The hearing aid of Claim 26 wherein some of the "electronic "components are 
positioned externally of the cavity. 

28. Thehearingaiddfeiaim27{ui^ercomprismgawiringha^^ 
the cavity to an electronic component external to the cavity. 

29. The hearing aid of Claim 26 wherein the hearing aid components positioned 
2 5 externally of the receptacle cavity include a receiver. 

: 24 
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30. The hearing aid of Claim 26. wherein the walled receptacle has a cavity occupied 
by electronic components, an external wall, and wherein the . soft body substantially conforms to 
the external wall. 

31. The hearing aid of Claim 26 further comprising a wiring harness that connects the 
5 receiver to an electronics component in the cavity. 

32. The hearing aid of Claim 26 wherein the soft body has an^inner surface that 
closely conforms to the electronics package. 



33. The hearing aid of Claim 26 wherein the soft body is of a polymeric material . 

-; : r , .34. The hearing aid of Claim,26 wherein/the receptacle includes a pair of mounting 
10 members. . - .-r t v *r 

35. The hearing aid of Claim 34 wherein one of the mounting meip^ers is a mounting 
plate. vr..".,i v:r — ;\ ru-^:;r\: nfr , - :< ... .i; 

rj$* ?&• Tli? hearing aid of G^rim : ,H wherein one of the mpunting members has a socket 
that receives an electronic hearing aid ccanponojtv . ^ ? , ; / : : . . .. 

15 a- y. " ?7 yr>:, . . ..: .:\J-, r :<i v ^ * <\\ \ ' " : rrr-. ; ; ■■. \.> 

onj _:r 37- * The,hearii^ ^d y o£Q^ 

to each other. ,;;/cc 

: . 2,% v: The hearing aid of Claim 36 r wherein one of the mpuntipg members is-supported 
by the soft body. ; . .7 V :li 1 . ? 

20 .. rr - 39. ,The invention substantially show md A described herein, v y - 
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